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(54) Capacity control valve 

(57) An object of the present invention is to improve 
an anti-abrasive property of an operating rod by using 
a surface hardening heat treatment without a post fin- 
ishing process and to enhance a response of the oper- 
ating rod by preventing powders from being attracted to 
a sliding surface of the operating rod. Another object is 
to decrease a machining cost of the operating rod. The 
capacitive control valve is comprised of a solenoid rod 
portion (2D) communicating with a moveable iron core 
of the solenoid portion (30), an operating rod (2) con- 
nected with the solenoid rod portion (2D), a valve body 
(3) defined in the operating rod (2) and opening or clos- 
ing a control fluid passage hole and a fixed core (31) 
oppositely arranged relative to the moveable core (32), 
the fixed core (31) retaining a guide hole (31 A1), the 
guide hole (31 A1 ) guiding the operating rod (2) in freely 
moveable a manner which longitudinally extends 
through an internal bore (31 D) wherein the operating rod 
(2) is processed at no more than 500° C by a low tem- 
perature surface hardening treatment. 



FIG. 1 
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Description 

BACKGROUND OF THE INVENTION 
FIELD OF THE INVENTION 

[0001] The present invention relates generally to a ca- 
pacity control valve for variably modulating a capacity 
or a pressure of a process fluid in a control chamber 
through a valve body which is connected with an oper- 
ating rod. More particularly, the invention relates to a ca- 
pacity control valve in which anti-abrasion capability of 
the operating rod in an opening or closing action of the 
valve body is improved and its slide resistance is de- 
creased where the valve body is integrally attached to 
the operating rod. 

DESCRIPTION OF THE RELATED ART 

[0002] There have been known as a relative art. 1 of 
the present invention capacity control valves for a vari- 
able displacement type swash plate compressor. In a 
capacity control valve of this kind, an operating rod 
moohtihg a valve Body thereon is connected with a so- 
lenoid portion or a pressure sensitive device, thus the 
rod results in a long structure. The operating rod is also 
connected with a solenoid rod which is guided in a freely 
slidable manner through a bore inside a fixed iron core 
of a solenoid portion. Further, the capacity control valve 
accommodates the operating rod which is integrally 
connected with the solenoid rod of a large longitudinal 
length and a small radius. 

[0003] A capacity control, valve 100 shown in FIG. 5 
is similar to the capacity control valve of the related art 
1 . Therefore the related art 1 is described through FIG. 
5. A valve housing 105 in FIG. 5 has a through hole 
which axialiy extends therethrough. The through hole 
disposes a discharge valve hole HOC, suction valve 
hole 110D, a first guide hole 11 0E, and a second guide 
hole 1 1 0F therein . Also, a valve ch amber 11 1 is disposed 
between the discharge valve hole 11 OC and the suction 
valve hole 110D. Further a first suction pressure pas- 
sage 110B1 is arranged to communicate with the suc- 
tion valve hole 110D, Also a discharge pressure pas- 
sage 11 OA is arranged to communicate with the dis- 
charge valve hole 11 0C. Described at the bottom of the 
figure is a second suction pressure passage 110B2 
which is arranged to communicate with the through 
bore. 

[0004] In the valve housing 105, a first valve housing 
105A and a second valve housing 105B are integrally 
connected with each other at their respective end por- 
tions by means of screw thread. A spring container 1 20 
is formed within an end portion of the first valve housing 
105A. An opening end of the spring container 120 is 
screw-engaged with a spring seat 122. A spring means 
121 is disposed between the spring seat 122 and the 
operating rod 101, and a spring force of the spring 



means 121 is adjusted by rotating the screw thread of 
the spring seat 122. This spring means 121 provides the 
operating rod 101 with a resilient, urging force which is 
pointing upward, as indicated in the figure. 

5 [0005] The through hole of the valve housing 1 05 con- 
tains the operating rod 101 therewithin. The operating 
rod 101 forms an integral construction which includes a 
first stopper 1 01 E which slides relative to the first guide 
hole 110E, a valve body 101 A which is disposed within 

10 a valve chamber 111, a second stopper 101F which 
slides relative to the second guide hole 11 OF, and a so- 
lenoid rod 101C which is fitted to a rod hole 132A of the 
fixed iron core 132 in a freely slidable manner. The valve 
body 101 A has valve faces thereon and the respective 

15 valve faces disposed at both end faces of the valve body 
101 are brought into contact with or lifted from the op- 
posing valve seats of the valve housing 105 to adjust 
the opening degree of the discharge valve hole 110C 
and the suction valve hole 110D, respectively. 

20 [0006] Displacement of the valve body 1 01 A in open- 
ing direction of the discharge valve hole 1 1 0C allows the 
fluid of discharge pressure in the discharge pressure 
passage 11 OA to rigorously flow into a crank case pres- 
sure passage HOG. This, at the same time, creates a 

25 movement of the valve body 101 A in closing direction 
of the suction valve hole 110D, which throttles the fluid 
of suction pressure of the first suction pressure passage 
110B1 flowing into the crank case pressure passage 
110G, The operating rod 101 integrally built with the 

30 valve body 1 01 A makes a movement with the first stop- 
per 1 01 E sliding relative to the first guide hole 1 1 0E and 
with the second stopper 1 01 F sliding relative to the sec- 
ond guide hole 11 OF. Further, the valve body 101 A is 
brought into contact with or is lifted from the valve seat. 

35 For this reason, the valve body 1 01 A as well as the first 
stopper 101 E and the second stopper 101 F must be 
hardened through heat treatment to prevent wear; Also 
the heat treated surfaces need to be finished by a grind- 
ing process. 

40 [0007] A solenoid portion 130 is disposed at the other 
end of the valve housing 105. The solenoid portion 130 
consists of a fixed iron core 131 , a moveable iron core 
1 32 and an electromagnetic coil 1 35. The moveable iron 
core 132 operates through an energization of the sole- 

45 noid portion 130, which forces the solenoid rod 101 C to 
move. Movement of the solenoid rod 101C is guided by 
the rod hole 132A of the fixed iron core 132. A portion 
of thefluid of suction pressure from the first suction pres- 
sure passage 110B1 is allowed to flow into a moveable 

50 iron core chamber 136 after passing through a clear- 
ance gap on the outer perimeter surface of the solenoid 
rod 1 01 C. This equalizes the suction pressure Ps inside 
the moveable iron core chamber 136 and the suction 
pressure Ps of the suction pressure fluid flowing into the 

55 spring chamber 120 through the second suction pres- 
sure passage 110B2, both of which equally act on the 
operating rod from its both sides. 
[0008] In a capacity control valve 100 of this kind, the 
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valve body 1 01 A opens and closes the discharge valve 
hole 110C and the suction valve hole 110D in mutually 
exclusive a manner as the result of an upward motion 
of the operating rod 101 which is created by an action 
force being proportional to the electric current given to 
the solenoid portion 130 and a reaction force of the 
spring means 1 21. The mutually exclusive control of the 
opening and closing of the discharge valve hole 110C 
and the suction valve hole 1 1 0D causes the fluid of dis- 
charge pressure Pd and the fluid of suction pressure Ps 
to flow into a crank case of a compressor for controlling 
a swash plate thereof wherein the compressor is not in- 
cluded in the figure. 

[0009] The operating rod 101 of the capacity control 
valve 100 needs to be arranged to have a hard surface 
because the operating rod 101 is subject to sliding 
movement relative to the first guide hole 11 0E and the 
second guide hole 11 OF, A valve face of the valve body 
101 A also requires a hard surface because the valve 
face is brought into contact with a valve seat. Further, 
the first stopper 101 E and the second stopper 101 F are 
aligned with each other in a coaxial manner in order to 
reduce a slide friction. Also the valve face needs to be 
fabricated perpendicular to the axis of the operating rod 
101. In orderto do so, the operating rod 101 is machined 
by grinding after a heat treatment process^ The operat- 
ing rod 101, however, has a body of large longitudinal 
length and the heat treatment often causes an axial 
bending of the rod. In addition, a small diameter of the 
operating rod 101 imposes difficulty on the use of grind- 
ing process, in particular, a great difficulty resides in the 
grinding process of the valve face to arrange the valve 
face perpendicular to the rod axis. This may cause a 
deficiency of the operating rod 101 in that the operating 
rod 1 01 is no longer able to keep up with the spring force 
of the spring portion 121 or the electric current of the 
solenoid portion 130 when the spring portion 121 acts 
on the operating rod 101 or the solenoid portion 130 is 
energized through the modulation of the current. There- 
fore the control of the capacity control valve 1 00 affects 
operation of the compressor. 

[0010] Problems remaining in the relative art 1 and 
relative art 2 are clarified in the following description. In 
the relative art 1 (for the relative art 2, corresponding 
members should be referred to in FIG. 5), the fixed iron 
core 132 is magnetic and iron powder contained in a 
fluid under suction pressure Ps is attracted to an inner 
surface of the magnetized bore before reaching the 
moveable iron core chamber 1 36 by passing through the 
clearance gaps in the second guide hole 11 OF and in 
the rod hole 132A of the fixed iron core 132. The attract- 
ed iron powder remains on the slide surface and causes 
abrasion of the inner surface of the bore as well as of 
the operating rod 101 during relative sliding movement. 
In particular, the iron powder deposited on the second 
guide hole 1 1 0F of the valve housing 1 05 causes a trou- 
ble on the operation of the operating rod 101 (connect- 
ing rod retainer in case of the relative art 2). Also iron 



powder and the like tend to be accumulated in a region 
close to the second stopper 101 F of the rod hole 132A 
in the fixed iron core 132. The accumulated iron powder 
hampers the operation of the operating rod 101 . If the 

5 solenoid rod 1 01 G and the operating rod;1 01 are defined 
as separate members and their respective contact sur- 
faces are brought into contact with each other, the iron 
powder accumulated in the region close to the second 
stopper 101 F of the rod hole 132A in the fixed iron core 

io 1 32 is introduced into an interface between the two con- 
tact surfaces of the solenoid rod 1 01 C and the operating 
rod 101 as the operating rod 101 operates, which dete- 
riorates the opening/closing performance of the valve 
body 1 01 A. This causes the capacity control valve 100 

15 to lose control over the fluid under the crank chamber 
pressure Pc. 

[0011] In a capacity control valve of this kind, the fol- 
lowing drawbacks remain due to the arrangement con- 
structed as above. First, an operating rod of the capacity 

20 control valve requires a quenching process as heat 
treatment in orderto increase hardness of the slide sur- 
face for preventing wearthereof. Such a heat treatment 
process, however, raises problems such as axial bend- 
ing or strains. Therefore, this necessitates noteniyapol- 

25 ishing process of the heat treated surface after the orig- 
inal heat treatment process but also a re-grinding proc- 
ess in order to correct the axial bending. In addition, a 
small radius of the operating rod makes it difficult to ap- 
ply a grinding process thereto. Further, the valve face 

30 also requires to be processed by grinding after heat 
treatment to ensure perpendicularity of the valve face 
with respect to the longitudinal axis. This grinding proc- 
ess is also demanding due to its necessity of machining 
in a perpendicular direction relative to the longitudinal 

35 axis, which increase a production cost. 

[001 2] Further, iron powders magnetized between the 
solenoid rod and the rod hole of the fixed iron core are 
attracted to the fixed iron core and makes the solenoid 
rod difficult to operate normally. Such contaminants like 

40 the iron powders or the like are hard to be gotten rid of 
because they are introduced in a source fluid to begin 
with. Also wear of the fixed iron core is tough to be avoid- 
ed because of the limited availability of its material. As 
a result, the abrasion powders attracted to the rod hole 

45 make the solenoid rod difficult to operate under a normal 
condition. 

[0013] The present invention is introduced to resolve 
the above mentioned problems. A primary technical 
goal which this invention tries to achieve is to prevent 

50 wear in sliding motion by hardening an operating rod 
and to achieve dimensional accuracy for the normal op- 
eration of the operating rod. Another goaf is to decrease 
the production cost of the operating rod. Yet another 
goal is to ensure the normal operation of the operating 

55 rod by preventing impurities from being attracted to be- 
tween the sliding surfaces of the rod hole of the fixed 
iron core and the solenoid rod. 
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BRIEF SUMMARY OF THE INVENTION 

[0014] The present invention is made to alleviate the 
above technical problems and a solution to such prob- 
lems is embodied as follows. A capacity control valve 
retains a solenoid portion, and the capacity control valve 
comprises a solenoid rod portion communicating with a 
moveable core of the solenoid portion, an operating rod 
retaining the solenoid rod portion, a valve body defined 
in the operating rod and opening or closing a control fluid 
passage hole and a fixed core oppositely arranged rel- 
ative to the moveable core, the fixed core retaining a 
guide hole, the guide hole guiding the operating rod in 
freely moveable a manner which longitudinally extends 
through an internal bore wherein the operating rod is 
processed at no more than 500°C by a surface harden- 
ing treatment. 

[0015] According to a capacity control valve of the 
present invention, the operating rod is processed at no 
more than 500°C by a low temperature surface harden- 
ing treatment. The low temperature surface hardening 
treatment applied to the surface of the operating rod in 
which a surface thickness of less than 10x10" 6 m is proc- 
essed at no more than 500°C can provide an improved 
anti-abrasion, anti-sticking and alow surface roughness 
of the operating rod. More particularly, a sliding friction 
of the operating rod improves since the operating rod is 
free from strains caused by the heat treatment. Round- 
ness of the operating rod after the surface hardening 
treatment is approximately less than 0.5x1 0" 6 m, thus a 
leakage of control fluid in the closing action of the valve 
body from a gap between the fit surfaces of the operat- 
ing rod is effectively prevented; Further; ant i -abrasion 
ability of the operating rod will improve. Machining cost 
of the operating rod is also decreased. Overall shape of 
the operating rod after the heat treatment exhibits little 
deformation caused by the h eat treatment, an d field ex- 
periments of the operating rod do not reveal any poten- 
tial problem. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] FIG, 1 is a cross sectional view of a capacity 
control valve as a preferred embodiment relative to the 
present invention. 

[0017] FIG. 2 is an enlarged front view of an operating 
rod shown in FIG. 1 . 

[0018] FIG. 3 is an enlarged front view of a solenoid 
rod portion shown in FIG. 1. 

[0019] FIG 4 is a cross sectional view of a capacity 
control valve relative to the present invention attached 
to a variable displacement compressor, 
[0020] FIG. 5 is a cross sectional view of a control 
valve for a variable displacement compressor as a rel- 
ative art similar to the present invention. 



DETAILED DESCRIPTION OF THE INVENTION 

[0021] Described below is details of the figures of pre- 
ferred embodiments of a capacity control vaive con- 
5 structed in accordance with the principles of the present 
invention. All the figures explained below are construct- 
ed according to actual design drawings with accurate 
dimensional relations. 

[0022] FIG. 1 is a cross sectional view of a capacity 
10 control valve as a preferred embodiment relative to the 
present invention, in FIG. 1 , a reference numeral 1 sig- 
nifies a capacity control valve. The capacity control 
valve 1 disposes a valve housing 2 which forms an outer 
perimeter shape of the valve 1 . The valve housing 10 
15 disposes a through hole which defines respective por- 
tions of different diameters therein. The valve housing 
1 0 is made of metal such as brass, aluminum or stain- 
less, synthetic resin or the like. 

[0023] The valve housing 10 retains an widely open 

20 end at one end of the through hole thereof, the open 
end is fitted with an end adjusting portion 24 which forms 
a pressure sensing chamber 17 therewith! n. Outer cir- 
cumference of the other end of the valve housing 10 
forms a connecting portion with which the sole 

25 tion 30 isconnected; The end adjusting portion 24 is fit- 
ted with the valve housing 10 at a certain relative loca- 
tion. However, arranging screw thread on the end ad- 
justing portion 24 enables a desired spring force of the 
pressure sensing device 20 to be modulated . 

30 [0024] The through hole of the valve housing 10 dis- 
poses a sliding hole 1 2 therein which communicates 
with the pressure sensing chamber 1 7 and is arranged 
smaller in diameter than the pressure sensing chamber 
1 7. The through hole further retains a control fluid pas- 

35 sage hole 14 which communicates with the sliding hole 
12. Also a valve chamber 4 is disposed so as to com- 
municate with the control fluid passage hole 14 wherein 
the valve chamber 4 is arranged larger in diameter than 
the control fluid passage hole 14. The other end of the 

40 through hole defines a mounting bore 19 which commu- 
nicates with the valve chamber 4 and can be fitted to the 
fixed iron core 31 wherein the mounting bore 19 has two 
step shoulders and is arranged larger in diameter than 
the valve chamber 4. In addition, a planar valve seat 13 

45 is defined at the interface between the valve chamber 4 
and the control fluid passage hole 1 4. The vaive seat 1 3 
can be arranged to form a tapered surface toward the 
control fluid passage hole 14. By doing this, a contact 
width with the corner of a valve portion surface 3A can 

50 be made small. 

[0025] The valve housing 1 0 defines a first communi- 
cation passage 1 8 which communicates with the valve 
chamber 4. The first communication passage 18 com- 
municates with a passage of a fluid under control pres- 

55 sure Pd, e.g., a passage of a fluid under discharge pres- 
sure (control pressure) Pd in case of a variable displace- 
ment compressor. This first communication passage 18 
reaches the perimeter surface of the valve housing 10 
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wherein four of the first communication passages 1 8 are 
disposed in equally spaced a manner. The number of 
the first communication passages 18 disposed on the 
perimeter surface in equally spaced a manner can be 
three,, four or such depending on necessity. 
[002$] The control fluid passage hole 14 communi- 
cates with a second communication passage 16 which 
allows the inflow fluid under control pressure Pd to flow 
out to the control chamber (crank chamber 55 in FIG. 4) 
which is not shown in the figure. The second communi- 
cation passage 16 defines a through hole extending 
from the outer circumference of the valve housing 1 0 to 
the control fluid passage hole 1 4 at two or four locations 
which are equally spaced along the outer circumfer- 
ence. 

The valve housing 1 0 also retains a third commu- 
nication passage 15 which communicates with the pres- 
sure sensing ch amber 1 7. A fluid under suction pressure 
(Ps) of an external device (compressor) is introduced 
into the pressure sensing chamber 17 through the third 
communication passage 1 5. The outercircumference of 
the valve housing 1 0 has protruding step shoulders ther- 
eon and these protruding step shoulders at two loca- 
tions dispose mounting grooves for O-ring therein. Each 
mounting groove mounts an O-ring thereon to provide 
a seal between the valve housing 10 aind an installation 
bore of a casing, which does not appear in the figure 
(see FIG, 4), with which the valve housing 10 is fitted. 
[0027] The pressure sensing chamber 1 7 disposes a 
pressure sensing device 20 therewithin. A resiliently 
urging bellows element 21 which is made of metal forms 
an outer circumference of the pressure sensing cham- 
ber 17. One end of the bellows element 21 is attached 
to a bellows guide 23. The other end of the bellows el- 
ement 21 is connected with a mounting plate in an inte- 
gral manner. Further, a resiliently urging first spring 22 
is disposed within the bellows element 21 and the inter- 
nal chamber of the bellows element 21 is sealingly kept 
in a vacuum state. The bellows guide 23 is sealingly fit- 
ted to a sliding surface of the end adjusting portion 24 
and is resiliently urged by a second spring 25. The bel- 
lows element 21 is made of phosphorous bronze or the 
like and its spring coefficient is designed to a desired 
value. If the spring coefficient of the bellows element 21 
is not strong enough, the first spring 22 which is ar- 
ranged in a coil form provides an urging force: The first 
spring 22 exerting an urging force in an opening direc- 
tion of the valve body 3 can be disposed in some other 
location instead of within the pressure sensing device 
20. If the first spring 22 is disposed in some other loca- 
tion, then the pressure sensing device 20 can be con- 
stituted by a diaphragm. 

[0028] The pressure sensing device20 is so designed 
that its action of expansion or contraction is determined 
based on a relative force balance between a resilient, 
urging force of the pressure sensing idevice 20 and a 
contracting force due to the suction pressure Ps. The 
suction pressure Ps which acts on an effective pressure 



receiving area of the pressure sensing device 20 pro- 
duces the contraction force against the pressure sens- 
ing device 20. The valve housing 1 0 disposes an intro- 
duction hole 17A (represented by a broken line) which 
5 communicates: from the pressure sensing chamber 1 7 
to a large diameter portion of the mounting bore 19. The 
introduction hole 1 7 A is capable of introducing an exter- 
nal fluid under suction pressure Ps through the pressure 
sensing chamber 17 into an internal bore 31B of the 

10 fixed iron core 31. The large diameter portion of the 
mounting bore 1 9 is arranged to receive a flange portion 
31 C. The respective slide surfaces located in the 
through bore of the valve housing 10 can dispose seat 
films thereon which are not shown in the figure. The seat 

15 films are made of a low friction material. As an example 
of such a low friction material, a fluoric-resin film can be 
coated over the slide surface. With this seat film intro- 
duced, an overall operational response of the operating 
rod 2 can be improved. 

^0 [0029] A joint element is fixedly attached to a concave 
portion of the mounting plate located at the one end of 
the pressure receiving device 20 wherein a protruding 
portion oflthe joint element is fixedly fitted with the con- 
cave portion. The joint element also has a concave por- 

25 tion therein which has a shape of truncated cone. The 
operatihg^rdd 2 whose one end is fittingly connected with 
the concave portion of the joint element extends through 
the through bore. The operating rod 2 retains a pressure 
sensing rod portion 2B which undergoes a sliding mo- 

30 tion against the sliding hole 12. The operating rod 2 also 
retains a joint rod portion 2G which is integral with the 
pressure sensing rod portion 2B. The joint rod portion 
2G is arranged smaller in diameter than the control fluid 
passage hole 14 such that, when the valve body 3 

35 opens, a fluid under control pressure Pc is allowed to 
communicate between the control fluid passage hole 14 
and the joint rod portion 2C. The operating rod 2 further 
retains the valve body 3 at the end portion of the joint 
rod portion 2C in an integral manner. The valve body 3 

40 includes a valve seat 13 and a valve portion surface 3A. 
A valve body rod portion 2A extends from the valve body 
3. Diameter of the valve body rod portion 2A is arranged 
slightly larger than that of the control fluid passage hole 
14. A- protruding joining portion 2E is formed at an end 

45 surface 2A2 (see FIG. 2) of the valve body rod portion 
2A, The joining portion 2E of the valve body rod portion 
2A is arranged to be engaged with an engagement hole 
disposed in a solenoid rod portion 2D. The joining por- 
tion 2E can be fabricated to a conical shape or a square 

50 rod shape with which the engagement hole of the sole- 
noid rod portion 2D is engaged. The operating rod 2 is 
made of stainless steel or possibly a nonmagnetic ma- 
terial or special steel. 

[0030] The solenoid rod portion 2D is formed a circu- 
55 lar rod shape and retains the engagement hole at its one 
end which is engaged with the joining portion 2E of the 
operating rod 2. And the other end is fixedly connected 
to a fit bore of the moveable iron core 32. The solenoid 



5 



BNSDOCID: <EP 15O7109A1 J_> 



9 



EP1 507 109 A1 



10 



rod. portion' 2D is made of stainless steel. The operating 
rod 2 is processed with a low temperature surface hard- 
ening treatment whose temperature is less than 53G°C, 
more preferably less than 500°C. The moveable iron 
core 32 is arranged to form a conical surface atthefixed 
iron core 31 side. On the other hand, an opposite side 
of the moveable iron core 32 relative to the solenoid rod 
portion 2D retains a concave portion and a third positive 
spring 36A is disposed in the concave portion. The third 
positive spring 36A always provides the moveable iron 
core 32 with a resiliency urging force toward the valve 
body 3. The moveable iron core 32 is fitted to a bottomed 
cylindrical tube 33 in a freely moveable manner. 
[0031] The fixed iron core 31 fitted to the tube 33 re- 
tains a conical-shaped concave portion at its one end 
which is engaged with a conical surface of the moveable 
iron core 32. The flange portion 31 G is located to the 
valve body 3 side of the fixed iron core 31 wherein the 
flange portion 31 C serves a part of a main electromag- 
netic circuit driven by the electromagnetic coil 34 and 
an end portion located to the valve body 3 side relative 
to the flange portion 31 C defines a rod support portion 
31 A. This rod support portion 31 A is not a part of the 
main electromagnetic circuit. And aoentral portion of the 
fixed iron core 31 is defined as the internal bore 31 B 
with which the solenoid rod portion 2D is fitted in a move- 
able manner. The inner diameter of the internal bore 31 B 
is arranged to have a certain clearance gap such that 
the bore 31 B does not come into contact with the sole- 
noid rod portion 2, thus the bore 31 B loosely fits with the 
solenoid rod portion 2, On the other hand; an inner di- 
ameter of a guide hole 31 A1 extending through thecent- 
er of the rod support portion 31 A is arranged to undergo 
a slide movement relative to the valve body rod portion 
2A. The valve body rod portion 2A and the solenoid rod 
portion 2D are joined with each other at a location where 
the valve body rod portion 2A further extends out of the 
guide hole 31 A1 to within the internal bore 31B. This 
enables the suction pressure Ps to act on the end sur- 
face 2A2 of the valve body rod portion 2 A. 
[0032] The introduction hole 17A is allowed to com- 
municate with the internal bore 31 B through a plurality 
of communication passage holes which radially extend 
from the outer perimeter surface of the fixed iron core 
31 . Therefore, regions surrounding the fixed iron core 
31 , moveable iron core 32 and the third positive spring 
36A are kept under suction pressure Ps flowing in from 
the pressure sensing chamber 1 7. In the valve chamber 
4, a force acted on the cross section of the valve body 
rod portion 2 A by the discharge pressure Pd in a direc- 
tion of the solenoid rod portion 2D approximately offsets 
another force acted on the seal surface of the valve seat 
13 of the valve body rod portion 2A by the discharge 
pressure Pd in a direction of the pressure sensing rod 
2B, thus an influence of the discharge pressure Pd in 
the valve chamber 4 can be neglected. This implies that 
the operating rod 2 can be controlled by the suction 
pressure Ps alone without being affected by the dis- 



charge pressure Pd. 

[0033] An electromagnetic coil 34 is located in the out- 
er circumference of the tube 33. The solenoid portion 
30 is mainly constituted by the electromagnetic coil 34, 
5 the moveable iron core 32 and the fixed iron core 31 . 
The solenoid portion 30 controls the opening degree of 
the valve body 3 by driving the moveable iron core 32 
based on an electric current supplied to the electromag- 
netic coil 34. In this ease, the suction pressure Ps acted 
10 on the pressure sensing device 20 simultaneously af- 
fects the opening degree of the valve body 3 as well. In 
a capacity control valve 1 of this kind, the valve body 3 
is opened or closed not only by the operation of the so- 
lenoid portion 30 according to the electric current sup- 
15 plied but also by the operation of the pressure sensing 
device 20 due to suction pressure Ps wherein the action 
of the valve body 3 modulates pressure within the con- 
trol chamber by adjusting the fluid flow of the discharge 
pressure Pd to be introduced to the control chamber. 
20 [0034] FIG. 2 shows the valve body rod portion 2A of 
the operating rod 2 given in FIG. 1. As shown in FIG. 1 , 
the operating rod 2 undergoes a sliding movement at 
the sliding surface 2A1 of the valve body rod portion 2A 
against the guide hole 31 A1. Also the sliding surface 
25 2B1 of the pressure sensing rod portion 2B is subject to 
a sliding movement against the sliding hole 12. Low tem- 
perature surface hardening treatment, however, is ap- 
plied to the sliding surface 2A1 and the sliding surface 
2B1 , thus bending in the longitudinal length or distortion 
30 in roundness of the operating rod 2 can be prevented. 
Wear on the sliding surface 2A1 and the sliding surface 
2B1 also is prevented. Further friction during the oper- 
ation of the operating rod 2 is decreased as well. The 
operating rod 2 is made of stainless steel. A circular 
35 stainless steel rod is machined to fabricate a form shown 
in FIG . 2. The surf ace of the operating rod 2 is processed 
with a low temperature surface hardening treatment in 
order to increase the surface hardness. In doing so, the 
operating rod 2 fabricated as shown in FIG. 2 is de~ 
40 greased as the first step by a degreasing process. 

[0035] Next, the operating rod 2 is heat treated at the 
temperature of as low as 480°C for approximately 120 
minutes after preheating and then is oil-cooled. Heat 
treatment temperature is preferably no mo re than 500° C 
45 and the duration is in a range of from 20 to 120 minutes. 
The heat treatment period varies depending on the 
mass and the thickness of surface treatment of the op- 
erating rod 2. The surface may be polished afterthe heat 
treatment from necessity by means of barrel finishing or 
50 shot-peening. Finally a cleansing process concludes the 
entire process. In this surface hardening process, its 
hardening depth from the surface is less than 8x10* 6 m 
and a deformation of the shape of the operating rod 2 is 
hardly recognizable. As far as the roundness is con- 
55 cerned, before heat treatment and after heat treatment 
are, respectively, 0.28-0.46x1 0" 6 m and 
0.37-0.47x1 0" 6 m. Thus the operating rod 2 hardly suf- 
fers from any distortion caused by heat treatment. And 
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when the operating rod 2 is in operation, a leakage of 
the control fluid through mating sliding surfaces is neg- 
ligible. Also anti-abrasion capability and anti-burning 
performance of the operating rod 2 under a sliding 
movement improves. 

[0036] Asa comparison example relative to a conven- 
tional nitriding treatment wherein an operating rod, 
which is made of austenite stainless steel and heat treat- 
ed at 570°Cfor90 minutes, forms a nitrided layer (black 
fayer) at the surface of the operating rod which mainly 
contains nitrided chrome, thus anti-corrosion perform- 
ance of the stainless steel will decrease. Also the nitrid- 
ed layer resulted from the nitriding treatment requires 
grinding finish with a grinding stone for a practical use 
of the operating rod 2. Such a requirement leads to an 
increase in the production cost, which may in turn cause 
a loss of marketability Further, stainless steel treated 
by a conventional quenching process must be followed 
by an annealing process which inevitably decreases the 
hardness of the sliding surface of the operating rod; An 
operating rod 2 of the present invention which is made 
of the same material and processed by a low tempera- 
ture surface hardening treatment at 480°C for 90 min- 
utes (for example, an equivalent method to Palsonite 
which is a product's name of a n it ridi rig process devel- 
oped by Nihon Parkerizing Co., Ltd.), does not show an 
existence of black layers at its surface (the surface of 
the operating rod 2 in this case is called "white layer" 
instead). This does not require grinding finish with a 
grinding stone thereafter and hence its machining coat 
can be reduced by applying a massive, finishing method 
to the surfaces of the operating rods 2 such as shot- 
peening, honing or barrel polishing. Also a surface hard- 
ness as well as an anti-corrosion performance thereof 
can be improved. 

[0037] The white layer formed at the surface of the 
operating rod 2 due to the low temperature surface hard- 
ening treatment is not magnetized and does no harm to 
the magnetic property of austenite stainless steel, thus 
no iron powder is attracted to the surface of the operat- 
ing rod 2. This decreases a slide friction of the sliding 
surface of the operating rod 2 and improves an opera- 
tional response of the operating rod 2. The low temper- 
ature surface hardening treatment used is a nitriding 
method conducted under no more than 530°C, prefera- 
bly no more than 500°C. A material candidate for the 
operating rod 2 includes a structure steel alloy, tool 
steel, high-speed steel and stainless steel. Use of stain- 
less steel for the operating rod 2, however, forms a white 
layer which is not magnetized and does no harm to its 
magnetic property. This further is capable of enhancing 
not only the surface hardness but also the anti-corrosion 
performance. Also anti-sticking as well as anti-gailing 
(resistance against wear due to mutual gailing) under 
sliding movement of the sliding surface is improved and 
an outstanding response of the toperating rod 2 under 
operation is exhibited. 

[0038] FIG. 3 shows an example of a joint portion 2F 



of the solenoid rod portion 2D in FIG. 1 fitted to a mount- 
ing bore of the moveable iron core 32. Although the so- 
lenoid rod portion 2D is a part of the operating rod 2, an 
engagement hole 2D1 is arranged at the end of the so- 

5 lenoid rod portion 2D of this example such that the valve 
body rod portion 2 can be connected therewith. Surface 
of the solenoid rod portion 2D does not need a low tem- 
perature surface hardening treatment unless it is 
brought into contact. If it is subject to a relative sliding 

*o movement, however, a low temperature surface hard- 
ening treatment stated above can be utilized as well 
The white layer surface finish of the solenoid rod portion 
2D is good enough from the operational point of view 
with no need of extra surface finishing process. Also the 

15 white layer of the operating rod 2 is not magnetized and 
does no harm to the magnetic property of the solenoid 
portion 30. 

[0039] FIG. 4 shows a cross section of a compressor 
mounting a capacity control valve 1 of the present in- 

20 vention therein. The compressor 50 in FIG. 4 retains a 
cylinder block 51 which disposes a plurality of cylinder 
bores 51 A therein, a front housing 52 being defined at 
one end of the cylinder block 51 , and a rear housing 53 
being connected via a valve plate 54 to the cylinder 

25 block 51. 

The cylinder block 51 and the front housing 52 de- 
fine a crank chamber 55 therein ^nd the crank chamber 

55 disposes a longitudinally extending drive shaft 56 
therein. A swash plate 57 is arranged in the circumfer- 

30 ence about the driving shaft 56. The swash plate 57 is 
connected via a joint portion to a rotor 58 which is se- 
curely fixed to the driving shaft 56 such that the inclined 
angle of the swash plate 57 relative to the driving shaft 

56 can be modulated. 

35 [0040] One end of the driving shaft 56 extends to an 
external environment through the internal of the boss 
portion which is protruding outward from the front hous- 
ing 52. Front end portion of the driving shaft 56 defines 
a screw thread to which a nut 74 is fastened in order to 

40 fixate a power transmission plate 72. Also a belt wheel 
71 is disposed through a bearing 60 in the outer circum- 
ference of the boss portion 52A. The belt wheel 71 is 
joined with the powertransmission plate 72 through fix- 
ing bolts 73. This means that rotating the belt wheel 71 

45 implies rotation of the driving shaft 56. An oil seal 52B 
is disposed between the driving shaft 56 and the boss 
portion 52A in order to provide a seal between the inter- 
nal and the externa! with respect to the front housing 52 . 
The other end of the driving shaft 56 is located within 

50 the cylinder block 51 , being supported by a support por- 
tion 78. Bearings 75, 76, 77 which are arranged in par- 
allel to the driving shaft 56 provide a support to the driv- 
ing shaft 56 in a rotatabie manner 
[0041] Each cylinder bore 51 A contains a piston 62 

55 therewithin. A hollow portion 62A located in one internal 
end of the piston 62 accommodates a space for the out- 
er perimeter portion of a swash plate 57. An outer cir- 
cumferential portion of the swash plate 57 is arranged 
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to move together with the piston 62 through a shoe 63. 
Within the rear housing 53, a discharge chamber 64 and 
a suction chamber 65 are separately located. Suction 
chamber 65 and the cylinder bore 51 A communicate 
with each other through a suction port 81 disposed in a 
valve plate 54 and a suction valve which does not ap- 
pear in the figure. Discharge chamber 64 and the cylin- 
der bore 51 A communicate with each other through a 
discharge valve which is not shown in the figure and a 
discharge port 82 disposed in the valve plate 54. 
[0042] A capacity control valve 1 is installed in a hol- 
low which is formed inside the rear wall of the rear hous- 
ing 53. The capacity control valve 1 controls the fluid 
under discharge pressure Pd flowing to the crankcham- 
ber 55 by adjusting the opening degrees of a fluid com- 
munication passage 69 for discharge pressure Pd which 
communicates with the discharge chamber 64 as well 
as of a fluid communication passage 66 for crank pres- 
sure Pc which communicates with the crank chamber 
55. Also the fluid undercrankchamber pressure Pc with- 
in the crank chamber 55 reaches the suction chamber 
65 through between the other end of the driving shaft 
56 and the bearing 77, a fluid chamber 84 and a fixed 
orifice 83. As a result, the capacity control valve 1 be- 
comes capable of adjusting the opening degrees of the 
fluid communication passage 69 for discharge pressure 
Pd as well as of the fluid communication passage 66 for 
crank pressure Pc, which causes changes in the crank 
chamber pressure Pc and allows stroke of the pistons 
62 to be modulated. 

[0043] Other preferred embodiments relative to the 
present invention wilt be described below. 
[0044] A capacity control valve as a preferred embod- 
iment related to a second invention retains a guide hole 
as apart of a fixed iron core of a solenoid portion wherein 
the guide hole is located at such a position that a mag- 
netic circuit of the solenoid portion does not pass 
through the guide hole. 

[0045] In the capacity control valve related to the sec- 
ond invention, iron powders or the like are prevented 
from being attracted to the guide hole. This ensures a 
prevention of malfunctioning of the operating rod due to 
iron powders or the like and an exhibition of an outstand- 
ing response of the operating rod in the control of proc- 
ess fluid. 

[0046] A capacity control valve as a preferred embod- 
iment related to a third invention retains an introduction 
hole to make an internal bore and a pressure sensing 
chamber containing a pressure sensing device commu- 
nicate with each other wherein a solenoid rod portion 
and an operating rod are defined as two separate com- 
ponents within the internal bore both of which are inte- 
grally joined with each other at the division end surface.. 
[0047] In the capacity control valve related to the third 
invention, the solenoid rod portion can be arranged non- 
magnetic and the operating rod can be made of non- 
magnetic material of a different kind which is suitable to 
the valve body because the solenoid rod portion and the 



operating rod are two separate components. This not 
only improves anti-corrosive capability of the valve body 
but also decreases the sliding friction during operation. 
Further, a suction pressure differential between the both 
5 end portions of the operating rod can be offset by mak- 
ing an arrangement such that the suction pressure acts 
on the both end faces. By doing this, the response ac- 
curacy of the operating rod due to suction pressure will 
improve. 

10 [0048] A capacity control valve as a preferred embod- 
iment related to a fourth invention disposes a flange por- 
tion in an outer circumferential portion of a fixed iron core 
and the flange portion is located closer to an electro- 
magnetic coil than the guide hole, 

15 [0049] In the capacity control valve related to the 
fourth invention, disposing the flange portion closer to 
the electromagnetic coil than the guide hole makes it 
possible to form a magnetic circuit passing through the 
fixed iron core, but away from the guide hole. This ef- 

20 fectively prevents iron powders or the like from being 
attracted to the magnetized guide hole. 
[0050] A capacity control valve as a preferred embod- 
iment related to a fifth invention, an operating rod is 
made of stainless steel, 

25 [0051] In the capacity control valve related to the fifth 
invehtion^ use of stainless steerfor the operating rod and 
a low temperature surface hardening treatment applied 
to it leads to a formation of nonmagnetic white layer on 
the surface, thus no harm is given to the magnetic prop- 

30 erties of the solenoid portion. Although even a conven- 
tional nitrided layer in stainless steel suffer from a low- 
ered anti-corrosion, the white layer formed by a low tem- 
perature surface hardening treatment does not damage 
anti-corrosion. 

35 Therefore, the operating rod is capable of main- 

taining anti-corrosive property, improving the surface 
hardness and anti-sticking and enhancing its bending 
strength. 

[0052] Having described specific embodiments of the 
40 invention, however, the descriptions of these embodi- 
ments do not cover the whole scope of the present in- 
vention nor do they limit the invention to the aspects dis- 
closed herein, and therefore it is apparent that various 
changes or modifications may be made from these em- 
45 bodiments. The technical scope of the invention is spec- 
ified by the claims. 

INDUSTRIAL APPLICABILITY 

50 [0053] A capacity control valve 1 of the present inven- 
tion , as mentioned above, is very effective for a pressure 
■ regulation of a control chamber in pneumatic machines, 
compressors or the like. More particularly, the capacity 
control valve exhibits an outstanding operational re- 

55 sponse of the operating rod, a high anti-abrasive prop- 
erty of relative sliding portions of the operating rod and 
a low production cost of the operating rod. 
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Claims 

1 . A capacity control valve having a solenoid portion, 
said capacity control valve characterized by com- 
prising: 

a solenoid rod portion(2D) communicating with 
a moveable core(32) of said solenoid portion 
(30); 

an operating rod{2) retaining said solenoid rod 
portion(2D); 

a valve body(3) defined in said ope rating-rod (2) 
and opening or closing a control fluid passage 
hole(14); and 

a fixed core(31 ) oppositely arranged relative to 
said moveable core(32) 5 said fixed core(31 ) re- 
taining a guide hole(31A1), said guide hole 
(31 A1) guiding said operating rod(2) in freely 
moveable a manner which longitudinally ex- 
tends through an internal bore(31B); 

wherein said operating rod(2) is processed at 
no more than 500°C by a low temperature surface 
hardening treatment. 

2. A capacity control valve accbrdinf to claim 1 f char- 
acterized in that said guide hole (31 A1) disposed 
in said fixed core(31 ) of said solenoid portioned) is 
located away from a magnetic circuit formed by said 
solenoid portion(30). 

3. A capacity control valve according to claim 1 or 
claim 2, characterized in that ah introduction hole 
(1 7A) is disposed in order to communicate said in- 
ternal bore (31 B) and a pressure sensing chamber 
(17) equipped with a pressure sensing device(20) 
therein which activates said operating rod (2), said 
solenoid rod portion(2D) is divided into different 
components, one component of said different com- 
ponents being a part of said operating rod(2) and 
the other component of said different components 
is located within said internal bore(31B), said one 
component and said other component are integrally 
joined at the divided end surfaces. 

4. A capacity control valve according to claim 1 or 
claim 2 or claim 3, characterized in that a flange 
portion(31 C) is disposed in an outer circumferential 
portion of said fixed core(31) and said flange portion 
(31 C) is located closer to an electromagnetic coil 
(34) side than said guide hole(31 A1). 

5. A capacity control valve according to claim 1 or 
claim 2 or claim 3 or claim 4, characterized in that 
said operating rod(2) is made of stainless steel. 

6. A process of manufacturing a capacity control 
valve, said capacity control valve having a solenoid 
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portion and comprising: 

a solenoid rod portion(2D) communicating with 
a moveable core(32) of said solenoid portion 
(30); 

an operating rod(2) retaining said solenoid rod 
portion(2D); 

a valve body(3) defined in said operating rod(2) 
and opening or closing a control fluid passage 
hoie(14); and 

a fixed core(31 ) oppositely arranged relative to 
said moveable core(32), said fixed core(31 ) re- 
taining a guide hole(31A1), said guide hole 
(3.1 A1) guiding said operating rod(2) in freely 
moveable a manner which longitudinally ex- 
tends through an internal bore(31B); 

wherein said operating rod(2) is processed at 
no more than 500°C by a low temperature surface 
hardening treatment. 



9 



BNSDOC !D: <B P_.„ 1 507 1 09A 1 _|„> 



EP 1 507 109 A1 




BNSDOCID: <EP _1 507109A1J_> 



10 



EP 1 507 109 A1 



FIG. 2 




-2C 




BNSDOCID: <EP 1 507 109A1 J_> 



11 



EP 1 507 109 A1 



FIG. 3 




12 



EP1 507 109 A1 




BNSDOCID: <EP 1507109A1J_> 



13 



EP 1 507 109 A1 




120 



BNSDOCiD: <EP 1507109A1_.L> 



EP1 507 109 A1 




European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 04 01 8475 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate, 
. JPLfflgvffl* passages 



EP 1 279 831 A (T.GK CO LTD) 
29 January 2003 (2003H51-29) 

* paragraph '0034! - paragraph '0063' ■ 
figures 4,5,7,8 * 

FR 2 821 127 A (SANDEN CORP) 
23 August 2002 (2002-08-23) 

* page 10, line 27 - Tine 30; figure 4 * 

EP 1 026 398 A (T0Y0DA AUTOMATIC LOOM 
WORKS) 9 August 2000 (2000-08-09) 

* figure 2 * 



EP 1 283 361 A (SAGINSMIYA SEISAKUSH0 INC) 
12 February 2003 (2003-02-12) 

* paragraph ^ 0009! - paragraph '0029!; 
figure 1 * 

GB 374 096 A (ELECTRO METALLURG CO) 
26 May 1932 (1932^-05-26) 

* page 1, line 17 - line 105 * 

FR 700 049 A (MAH0UX ANDRE-PAUL) 
23 February 1931 (1931-02-23) 

* page 2, line 98 -page 3, Tine 34 * 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION (lntCi.7) 



1-6 



1,2,4-6 



F16K31/06 
F04B27/18 



1,6 



1,3,4,6 



The present search report has been drawn up for all claims 



PSac* of search 

The Hague 



1.6 



1,6 



TECHNICAL FIELDS 
SEARCHED <lnt.CI.7> 



Date of computers of ih& SQstr.Xi 

16 November 2004 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant ii taken alone 

Y : particularly relevant il cdrnbined with anoth&r 

document of the same calegory 
A : technological background 
O : non-written disclosure 
P : Intermediate document 



F16K 
C23C 
F04B 



Lane], F-B 



T : theory or principle underlying the Invention 
E : earlier patent document, but published on. or 

after I ne filing date 
D : docunrtent cited in the application 
L : document cited for oiher reasons 

& : member of the same patent family, corresponding 
document 



15 



1507109A1.J..> 



EP 1 507 109 A1 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATION NO. 



EP 04 01 8475 



This annex lists the patent family membersreiating to the patent documents cited in the above-mentioned European search report. 
The members are as contained in the European Patent Office EDP file on 

The European Patent Office is In no way liable for these particulars which are mereiy given lor the purpose of information. 

16-11-2004 



Patent document 




Publication 




Patent tamiiy 


Publication 


piioH in coarrh rannfi 

l^lldvj 111 SsticlM^M ICJJ*Jll 




date 






date 


EP 1279831 


A 


29-01-2003 


JP 


2003035269 A 


07-02-2003 








EP 


1279831 A2 


29-01-2003 








US 


2003019226 Al 


30-01-2003 


FR 2821127 


A 


23-08-2002 


OP 


2002242827 A 


28-08-2002 








OE 


10205714 Al 


05-09-2002 








FR 


2821127 Al 


23-08-2002 


EP 1026398 


A 


09-08-2000 


JP 


2000291542 A 


17-10-2000 








EP 


1026398 A2 


09-08-2000 


EP 1283361 


A 


12-02-2003 


JP 


2001329951 A 


30-11-2001 








EP 


1283361 Al 


12-02-2003 








WO 


S 0188372 Al 


22-11-2001 


GB 374096 


A 


26-05-1932 


NONE 






FR 700049 


A 


23-02-1931 


NONE 







2 



3j For more details about this annex : see Official Journal of the European Patent Office, No. 12782 



16 



BNSDOCID: <EP J 507 1 09A 1 __L> 



